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TITLE 

FREE RADICAL POLYMER CHAIN INITIATION WITH 
UNREACTIVE UNSATURATES 
FIELD OF THF ixryp>.>-rf^j., 

^ This invention relates to a method by which oleflnicallv-unsaturated 

org^.c molecules, which are otherwise urueact^ve and non-polv.er.zable. may 
be u ed o .nn.ate polymer cha.ns from free-radica, monomers throueh the use of 
cobalt Cham trar^sfer catalysis, and the products of that method. ^ 

TECHNICAr QACfCr.Pnrrxrr^ 

en T 1"°"" '''' ""^^ ""-^^ted orgarxic 

essennally mert" is taken to mean herein that these olefmically ur^ JeT 
1 5 molecules are not homopoiymerized and that they copolymerize with 
conventional monomers at levels of th^r, i 

inat^nf^M . • "'o'^ percent, even when presem 

m a tenfold excess relative to the conventional monomers 

termmai? "t"" ^ "^"'^^^ ^^^^^"-"^ compositions of 
termmally unsaturated polymers by reinitiating the terminated ends of a temunally 

dimer. IT^ ''""^^'^ copolymerization of methacrylic 

dimers^bu no mention is made of the "reinitiation" of the dimers involved 

2. Macromol. Theory Simul. 4 (1995). p. I95ff; T. P. Davis et al 

J. Macromolecular Science - Rev. Macromol. Chem. Phys.. C34(2) ( . 994), 

The invention herein described demonstrates the copolymenzation of 
othenvise non-po.ymenzable organic molecules (herein referred to as "UC^') 

lotome:: production of ftinctiona.iz d 

monomers and macromonomers from these UO's. 

SUMMARY r> F THE TNVPMTinxi 

radi... . ™''"''"''°"'"""^"^^^'-P™---«nt in a process for the fr^^^ 
radical po.ymenzation of one or more monomers, hereinafter referred to as 

cnd~TT""- ''''' ^'^'"^^^ '^^^ Vinyl-terminated 

end groups. The polymerization is initiated by a functional group derived from an 
olefmically-unsaturated organic molecule. The CM useful in th. ^ 
formula i ne cm useful in the process have the 
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wherein 

X is selected from the group consisting of CH3,anci CHoOH; 
5 Y is selected from the group consisting of OR. OoCR. halogen. 

COoH. COR, CO2R, CN, CONH2. CONHR, CONRo and R'; 

R is selected from the group consisting of substituted and 
unsubstituted alkyl, substituted and unsubstituted aryl, substituted and 
unsubstituted heteroaryl. substituted and unsubstituted aralkyl, substituted and 
1 0 unsubstituted alkaryl. and substituted and unsubstituted organosilyl, the 

substituents being the same or different and selected from the group consisting of 
carboxylic acid, carboxylic ester, epoxy, hydroxyl, alkoxy, primary amino, 
secondary amino, tertiary amino, isocyanato, sulfonic acid and halogen; and the 
number of carbons in said alkyl groups is from I to 12; and 
15 R- is selected from the aromatic group consisting of substituted and 

unsubstituted aryl, substituted and unsubstituted heteroaryl, the substituents being 
the same or different and selected from the group consisting of carboxylic acid, 
carboxylic ester, epoxy, hydroxyl, alkoxy, primary amino, secondary amino, 
tertiary amino, isocyanato, sulfonic acid, substituted and unsubstituted alkyl, 
20 substituted and unsubstituted aryl, substituted and unsubstituted olefin and 
halogen; 

by contacting said CM with a cobalt-containing chain transfer agem and a 
free radical initiator at a temperature from about 25°C to 240°C; 

the improvement which comprises adding an olefmically-unsaturated 
25 organic molecule, UO, of the structure 

r2/''~^^R^ 



30 



35 



wherein . . 

Ri and R3 are each independently selected from the group (I) consistmg ol 
CH(0) -CN and halogen, and from the group (II) consisting of -C(0)0R5, 
-C(0)NR6R7, .cr8(0), -C(0)0C(0)R9, .C(0)NR»OCOR". -0C(0)R«2, .OR13, 
alkyl substituted alkyl, aryl, and substituted aryl; wherein when R» or R^ are 
selected from group II, Rl and R3 may optionally form a cyclic structure; and 

R2 and R-* are each independently selected from the group (III) consistmg 
ofH -CH(0) -CN and halogen, and from the group (IV) consisting of -C(0)0R5, 
C(0)NR6R7' .cr8(0), -C(0)0C(0)R^ .C(O)NR'0CORn, .0C(0)R>2, -OR'^ 
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alky, subs,„„«d alkyl. a„,. and subs.„u,ed whc„,„ „h=„ R4 
«.=c,ed ,rom group TV. and R4 „p,i„„„„ ^^.^ ^ 

R'. R'. R', R«. R.O. R, , R„ „ - 
o, subs,.,u,cd ary,: R.. is a.kyl, a^,. s„bs,i,„,ed a,ky, „. 3ubs,U>.,.d a" 

.he subs.„u,ed alkyl or aryl con.ain no funcionaliiy which wonld subsiamiallv 
nterfere w„h free radical pc,y.eri.a.,on (..,.. .roups known ,o b. ft e ^^a. 
chain leiminators such as thiols or nilroxides). 

In another embodimeni at least one of R I and R 2 ,„ i. j 
.0 are each i.e endently selected .on, .he IrlXnlt^ 
and halogen, and from the group (II) consisting of .C(O)0R5 ao^N«6^l' 

.ubsututed alM aryl. and substituted a^l; wherein when R3 or Ri l Lccted 

of H .CH^ ™" T, '"''^'^"■'^ *^ (,„, consisting 

C(0)NR6R7, .CR«(0). .C(0)OC(0)R», .C(O)NR.0cORM. .0C(0)RI2 OR.3 " 

^f'--^^"'"«dallcyl.a,y|.ands.bs.i«,eda,y,;where,„whenR3rR4a^ ' 
20 selected ftont gtoup IV. Rl and R. ntay optionally fonn a cyclic 

substituted aryl, R alkyl, aryl. substituted alkyl or substinitedaryl 
wherein the alkyl and substituted alkyl are C C »„H.h Z^^^' 

------y-rat^lcontainnofuncu- .:;y:^:htuM 

23 ,n«*re with See radical po,y„,eri.,i„„ (e.g., groups kno>™ to be " a, 
chain terminators such as thiols or nitroxides) 

™s invention toher .elates to the products ntade by the above process 
oleHnic!^ ' — nonter comprised of iL 

30 s rImLrl """""" ™= ~onal monomer 

said macromonomer represented by '"unomer. 



-c- 

H2 



I ' 
-C — 

i / 



-c— c 

Y 

m-1 



where m ranges from I to 100 oreferahlv 9 on ^ 
7<r u L ^ ' preierably 2 to 20 and most preferablv ^ to 1 0 ^imh 

35 whete the starting olefinically-unsaturated organic may be re'presented;; fll 
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R'R2C = CR^R'^ (^"i 

wherein R'. R^, R3 and R-^are each independently selected from the group 
5 consisting of H. -CH(0). -CN. halogen, -C(0)0R5. .C(0)NR6R7. .cr8(0), 

-C(0)OC(0)R^. -C(0)NR'OCOR' -0C(0)R'2, -OR'3. alkyl. substituted alkyl. 
aryl. and substituted aryl; R' and R^ or R2 and R"* may be combined in a cyclic 
structure when R', R^, K\ or R" are C(0)0R5, .C(0)NR6R7. .cr8(0), 
-C(0)OC(0)R9, .C(0)NR'OCOR> >, -0C(0)Rl2, -OR" 3, alkyl. substituted alkyl, 
10 ary 1 , or substituted ary 1 ; 

and ftirther provided that at most 2 of R'. R^, R^ and can be H; 
r5, r6, r7, r8, Rio^ Ri I, and R>2 are H, alkyl, aryl, substituted alkyl 
or substituted aryl; R'-* is alkyl, aryl, substituted alkyl or substituted aryl; 

wherein the alkyl and substituted alkyl are C,-C,2, and the substituents 
1 5 on the substituted alkyl or aryl contain no functionality which would substantially 
interfere with free radical polymerization (e.g., groups known to be free-radical 
chain terminators such as thiols or nitroxides); 

Y is selected from the group consisting of OR, O2CR, halogen, CO2H, 
COR, CO2R, CN, CONH2, CONHR, CONRj and R"; 
20 R is selected from the group consisting of substituted and unsubstituted 

alkyl, substituted and unsubstituted aryl, substituted and unsubstituted heteroaryl, 
substituted and unsubstituted aralkyl, substituted and unsubstituted alkaryl, and 
substituted and unsubstituted organosilyl, the substituents being the same or 
different and selected from the group consisting of carboxylic acid, carboxylic 
25 ester, epoxy, hydroxyl, alkoxy, primary amino, secondary amino, tertiary amino, 
isocyanato, sulfonic acid and halogen; and the number of carbons in said alkyl 

groups is from 1 to 12; and 

R' is selected from the aromatic group consisting of substituted and 
unsubstituted aryl, substituted and unsubstituted heteroaryl, the substituents being 
30 the same or different and selected from the group consisting of carboxylic acid, 
carboxylic ester, epoxy, hydroxyl, alkoxy, primary amino, secondary amino, 
tertiary amino, isocyanato, sulfonic acid, substituted and unsubstituted alkyl, 
substituted and unsubstituted aryl, substituted and unsubstituted olefin and 
halogen; 

said conventional monomer (CM) is selected from the group consistmg of 
styrenes, acrylates, vinyl pyridines, methacrylates. a-methylstyrenes. vinyl 
pyrrolidones, chloroprene, and other monomers known to undergo catalytic chain 
transfer in the presence of cobalt catalysts. 



35 
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PETAir S OF THi; INVFi,rT;r.^, 
The macromonomers of tWs invcnUon are tbnned bv ,he polvmeriza.io„ „f 
. unreacve, o,efi„ically-_.ed organ. ,„o,ecules (liO, wift^tT 

co„ve„„o,«, n,ono™er. (CM herein) in ,he presence of cobah complexes capable 
of e^eenng chain transfer ca«„sis (CTC). B, UO is generailv mean. l inC 
olefin. _r or o,her unsarurared mono.eric species which does no, 
hon,opol.vmer,ze or copo.ymerize .„ a„ app^ciable ex.en. wi,h convemionai 
1 0 monomers (CM, which are known ,o be subjec, ,o CTC - for ins Je 

meihacrylares, meU«cryloni«le, a.me,hyls,yrene and ,he lilce, as weli as ihcir 
fluonnared analogs. By "no, copolymed.e ,o an appreciable exlen,' i. . 
.hese oleSnically u„san,„«d organic molecules co";::^":, " 
monomers a, levels less «„ mole pereen, relarive ,o «.e convenZr 
. monomer even when presem in a .enfold excess ,e,a,ive » ,he conveZnal 
monomers. Often ,hese molecules will inhibi, Ure copo,ymeri.a,ionr 

Prefer^d meWlic chain uansfer caalys,s for use in making U,e presen, 

are disclosed in U.S. Pat. No 4 68n l*;? 1 1 c n . v, . "'puunas 

ai. ixu. h,o8u,j:>2, U.S. Pat. No. 4 694 0^4 I r <! Do. xr 

) 5,324.879. WO 87/03605 published iune .8. 1987. U.S Cno 5 362 826 H 
U.S. Pa,. No. 5.264.530. Other usei., cobal. compounds 1^. 00^^^^^^^^^^^^^ 
pon-hyrm.. phU,a,ocyani„es. ,euaaz„po,phyri„s, and cobaloxime.) 2e 
^specuvely d,sclosed in Enikolopov. N.S., e, al.. USSR Pa«„, 664.434 (1 978, 

871 378 1979). and Belgovsk... l.M., e, al.. USSR Pa,en, 1.306.085 (1986, 
These caulys,s operate a, close ,o diflusion.co„,rolled ,a,es and are effec^^e a, 
^-per-m, iron conceniradons. Examples of , hese cobal, („) and coh! m, 
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10 



15 



20 



25 



Co(II)(DPG-BF2)2 

Co(II)(DMG-BF2): 

Co(II)(EMG-BF2)2 

Co(II)(DEG-BF2)2 

Co(II)(CHG-BF2)2 



J=K=Ph, L= ligand 
J=K.=Me. L= ligand 
J=Me. K=Et, L= ligand 
J=K=Et. L= ligand 
J=K=-(CH2)4-, L= ligand 




QCo(IlI)(DPG-BF2)2 
QCo(m)(DMG-BF2)2 
QCo(ni)(EMG-BF2)2 
QCo(lII)(DEG-BF2)2 
QCo(III)(CHG-BF2)2 
QCo(III)(DMG-BF2)2 



J=K=Ph, R=alkyl, L= ligand 
J=K=Me, R= alkyl. L= ligand 
J=Me, K=Et, R=alkyl, L= ligand 
J=K=Et, R=alkyl, L= ligand 
j=K=-(CH2)4-, R=alkyl, L= ligand 
J=K=Me, R=halogen, L= ligand 



30 



L can be a variety of additional neutral ligands commonly known in 
coordination chemistry. Examples include water, amines, ammonia, phosphines. 
The catalysts can also include cobalt complexes of a variety of porphyrin 
molecules such as tetraphenylporphyrin, tetraanisylporphyrin, 
tetramesitylporphyrin and other substituted species. Q is an organic radical (e.g., 
alkyl or substituted alkyl); preferred Q groups are isopropyl, 1-cyanoethyl, and 

1 -carbomethoxyethy 1 . 

When Co CTC catalysts are present, chains are initiated with a single UO 
followed by polymerization of the conventional monomers until CTC takes place. 
When the CTC occurs, the polymer chain is terminated by loss of a hydrogen 
atom, producing a terminally-unsamrated macromonomer; the hydrogen atom is 
transferred by the Co catalyst to a new UO, thereby initiating a new polymer 
chain. The resulting macromonomers therefore contain one functional group 
derived from the UO and a terminal double bond on the end (vinylidene 
unsaturation). By vinylidene unsaturation derived from hydrogen atom 
abstraction from CM is meant the group 



YPC=CH2 
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wh«.,„ V ,s s.,ec«d from ,he group consisting of OR. 0,CR. halo.en CO H 
COR,CO,R.CN.CONH,,CONHR,CONR,andR : ' ' 

R is selcced from the group consisting of substituted and 
unsubstttuted alkyl. substituted and unsubstttuted aryl. substituted and 
unsubstituted heteroaryl, substituted and unsubstituted aralkvl, substituted and 
unsubsututed alkaryl. and substituted and unsubs,in„ed organosilvl the 
substnuents being the same or different and selected from the group consisting of 
«,= acd. carboxyiic ester, epoxy. hvdroxyl, aikox.v. priLryLino 
secondao- ammo, tertiary amtno. isocyanato. sulfonic acid and halogen- and the 
10 "'«nberofcarbo„smsaidalkylgro„psisfromltol2;and 

R' is selected ftom the aromatic group consisting of substituted and 

ZT ,T ^ """'^'"-^ -stitt^^rlg 

the san, or dtfTerent and selected from d,e group consisting of carboxylic acid 
^xyltc ester, epoxy, hydroxy,, aikoxy, pHmary amino, Londat^^^^ 
15 entary amtno tsocyanato. sulfonic acid, substituted and unsubstitL alky"' 

subs„m.ed and unsubstin^ted ary,, substituted and un.„bs.in„ed olefin Z 

halogen; 

and P is a polytneric or oligomeric group tesulUng ,h>m addition of a conventional 
monomer to polymedc or oligomeric ladicals. 
0 The general reaction scheme may be summarized as EquaUon 1 : 

UO + CM*CoCTC^UO,(CM)„*(CM)p (,) 
Tl« coproduct designated (CM), is unavoidable, but its presence can be 

™^ by starved-feed reaction conditions. The degrees of polymerization 
no and 0.) are controlled by the level of added Co CTC but n, ranges from , ,o 
100. preferably fiom 2 to 20, and most preferably from 2 to 1 0. while p tanJe 
ftom 2 to lOO, and is generally similar torn htlep ranges 

In cases where some mimmal level of copolymerization of the UO occurs 
Ihe general reaction scheme may be described by Equation 2: 

UO + CM . Co CTC -> UO,(CM,„ . (UO)„(CM)„ . (CM,, ,2) 

and .he CM, bu, n ts generally 2 and seldom higher .ban 4. For the most useM 
prodttcts. the resulting macromonomers will contain one UO and two to 20 CM 
thus, the mole ratto of UO:CM will range from about 1 :2 to about 1 20 The 
control experiments described within the examples demonsttate this 

The general formuJa for the UO's is; 
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wherein 

Ri and R? are each independently selected from the group (1) consisting of 
-CH(0), -CN and halogen, and from the group (II) consisting of -C(0)OR^. 
-C(0)NR6r7, .cr8(0), -C(0)0C(0)R9, -C(0)NR'OCOR", -0C(0)R'2, -OR'^ 
alkyi, substituted alkyl, aryl, and substituted aryl; wherein when R' or R^ are 
selected from group II, R« and R3 may optionally form a cyclic structure; and 

r2 and R'' are each independently selected from the group (III) consisting 
of H -CH(0), -CN and halogen, and from the group (IV) consisting of -C(0)0R5, 
-C(0)NR6r7,'-CR8(0), -C(0)0C(0)R9 -C(O)NR»0COR", -0C(0)R>2, .qrH, 
alkyl. substituted alkyl, aryl, and substituted aryl; wherein when R2 or R^ are 
selected from group IV, R2 and R^ may optionally form a cyclic structure; 

R5, R6, r7, r8, r9, rIO, rH, and Rl2 are H, alkyl, aryl, substituted alkyl 
1 5 or substituted aryl; R»3 is alkyl, aryl, substituted alkyl or substituted aryl; 

wherein the alkyl and substituted alkyl are C,-C,„ and the substituents on 
the substituted alkyl or aryl contain no functionality which would substantially 
interfere with free radical polymerization (e.g., groups known to be ^ee-radical 
chain terminators such as thiols or nitroxides). 

said conventional monomer (CM) is one or more monomers selected from 
the group consisting of metiiacrylates, methacrylonitrile, a-methylstyrene, vinyl 
pyrrolidone, chloroprene, and other monomers known to undergo catalytic chain 
transfer in the presence of cobalt chain transfer catalysts; 

said cobalt chain transfer catalyst is selected from the group consisting of 
25 cobalt(II) or (III) chelates, cobalt porphyrins, cobalt phthalocyanines, cobalt 
tetraazoporphyrins, cobalt glyoximes, cobalt cobaloximes and other suitable 
cobalt(II) and cobalt(III) chelates. ^ 

By "may form a cyclic structure" is meant that R groups (i.e., Ri, R-, R , 
R4) which are eiUier attached to the same C of the C=C group, or are "cis" with 
30 relation to the may join together to form a cyclic structure. This may be 
illustrated in the following structures: 



20 




8 
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5 ''7''=™'' '""^n'ional monomers (CM) are: acrvlonimie 

me,hacrylo„i,rile. vinyl methyl kerone. 4.chloros.vrene 4 cblo k , 

2.3-aime*yl.yre„e. 3.4.,,c,loro.yrene. ..romosTyr ^^^^^^^^^^ 
0 -,a.e.e.yl..,a.e.pr— 

chlonde. melhacryhc anhydride, acrylic anhydride 
t2.(methacryloyloxy)eU>yl)Wmelhyl ammonium chloride 

me^acry a,e (all isomers,, butyl me«,acry,a.e (a,, isomers,, jl^Lxy 
methacrylate, isobomyl methacrylate methacrvl.v . u . ^^"^^^ 
phe„y,me.hac,y,a.e,me,hacJ„i,C;:r:i;r^^^ 
mmethoxysilylpropyl methacrylate. triethoxysilylpropyi methacrylate 
u, utoxystlylpropyl methacrylate. dimethoxyn,e.hylsrylpr„pyZt;,y,a,e 

methylstyrene (all isomers), diisopropenylbenzene (all isomers) ' 
.opjopenylbensene sulfontc acid (a„ isomers,, methvl ^-hydro^vmethylacrvlate 
ethyl 2-hydroxymethylacry,ate. propyl a-hydroxymethylacrylate'call tsomZ 
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butyl 2-hydroxymethylacrylate (all isomers). 2-ethylhexyl 
2-hydroxymethylacrylate. isobomyl 2-hydroxymethylacrylate. methyl 
2-chloromethylacrylate. ethyl 2-chloromethylacrylate. propyl 
2-chloromethylacrylate (all isomers), butyl 2-chloromethylacrylate (all isomers). 
5 2-ethylhexyl 2-chloromethylacrylate. isobomyl 2-chloromethylacrylate. 
chloroprene. and vinylpyrrolidone. 

Preferred olefmically unsaturated organic molecules (UO) are: 
butenenitrile (all isomers), pemenenitrile (all isomers), methyl butenecarboxylate 
(all isomers), ethyl butenecarboxylate (all isomers), propyl butenecarboxylate (all 
1 0 isomers), butyl butenecarboxylate (all isomers), 2-ethylhexYl butenecarboxylate 
(all isomers), methyl pentenecarboxylate (all isomers), ethyl pentenecarboxylate 
(all isomers), perfluoro(propylvinyl)ether, methyl cinnamate, ethyl cinnamate, 
propyl cinnamate (all isomers), cinnamonitrile, methylmaleic anhydride, 
cyclopenten-l-one, cyclohexen-l-one, cyclohepten-l-one, dimethyl maleate, 
1 5 dimethyl fiunarate, diethyl maleate, methyl crotonate, ethyl crotonate, 

crotonaldehyde, crotononitrile, methylftimaronitrile, diphenylethylene (all 
isomers), triphenylethylene, methyl octadecen-2-oate, ethyl octadecen-2-oate, 
methyl hexadecen-2-oate, ethyl hexadecen-2-oate, coumarin, methyl coumarin-3- 
carboxylate, and methylitaconic anhydride. 
20 The UO can be utilized as the polymerization "solvent", in that there is a 

preponderance of it, and the other monomer(s) (CM) ideally would be added in a 
starved-feed manner to allow optimum control of the design of the product. The 
UO is truly monomeric, i.e., no macromonomers are present as starting material. 
The UO's used could be products or by-products from other processes, e.g., the 
25 thermodynamically-isomerized, conjugated products, EtHC=CHCN from the 

monohydrocyanation of butadiene, EtHC=CHC02H from the hydrocarboxylatton 
of butadiene, EtHC=CHC02Me from the carbomethoxylation of butadiene, or 
2-cyanocyclooctene from the hydrocyanation of cyclooctadiene. Additionally, 
they may be esters of unsaturated fatty acids or preferably esters of unsaturated 
30 fatty acids which have been isomerized to the conjugated products. 

An initiator which produces carbon-centered radicals, sufficiently mild not 
to destroy the metal chelate chain transfer catalyst, is typically also employed in 
preparing the polymers. Suitable initiators are azo compounds having the 
requisite solubility and appropriate half life, including azocumene; 2,2'-azobis(2- 
35 methyD-butanenitrile; 2.2'-azobis(isobutyronitrile)(AIBN); 4,4'-azobis(4. 

cyanovaleric acid); and 2-(t-butylazo)-2-cyanopropane. and other compounds 

known to those skilled in the art. 

The polymerization process, employing the above described metallic cham 
transfer catalysts, is suitably carried out at a temperature ranging from about room 
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temperature to about 240°C or higher, preferably about 50-C to I SO'C The 
polymers made by the inventive process are typ.cally prepared in a polvmerization 
reacfon by standard solution polymenzation techniques, but mav also be prepared 
by emuls-on. suspension or bulk polymerization processes. A continuous (CSTR) 
. polymenzation process may also be used. The polymenzation process can be 

carried out as either a batch, semi-batch, or continuous process. When carried out 
m the batch mode, the reactor is typically charged with metal chain transfer 
catalyst, a conventional monomer, and the unsaturated organic, optionally with a 
solvent. To the mixture is then added the desired amount of initiator, typicallv 
such that the monomer-to-idtiator ratio is 5 to 1 000. The mixture is then heat'ed 
for the requisite time, usually about 30 minutes to about 1 2 hours. In a batch 
process, the reaction may be run under pressure to avoid monomer reflux 

The terminally unsaturated oligomers or macromonomers prepared 
according to the present invention can be employed, not only as non-metallic 
c am transfer agents, but as useful components or intermediates in the production 
of graft copolymers, non-aqueous dispersed polymers, microgels. star polymers, 
branched polymers, and ladder polymers. 

OliS'-'ne". macromonomers and polymers made by ,he presen, process are 
useful ,n a wrd. vane.y of coating and molding ^sia.. OU,er potential uses can 
mc ude cast, blown, spun or sprayed applications in fiber, film, sheet, compostte 
m terials, multHayer coatings, photopolymerizable materials, phototesists, surface 

ote^ TT T'^T ^"'^'^ ""-""S agents, and 

others End products takmg advanuge of available characteristics can include for 
example, automot.ve and architecmral coatings or finishes, including high solids ' 
25 aqueous, or solvent based finishes. Polymers, such as those produced in this 

di^™™" ""^ " ~' - - ~ 

The freeze-pump-thaw cycle as used in the examples below is described in 

30 W-^' T"' " ■ A- Sensitive Compounds". 2nd ed 

30 Wiley Interscience, 1986. 

'H-NMR spectra were taken on a QE300 NMR spectrometer (General 
Electric Co., Freemont, CA 94539) at 300 MHz frequency. 

K-IDS mass spectroscopy is an ionization method that produces 
pseudomolecular ions in the form of fM]K^ with little or no fragmentation. Intact 
organic molecules ar. desorbed by rapid heating. In the gas phase the organic 
molecules are ionized by potassium attachment. Potassium ions are generated 
from an aluminosilicate matrix that contains K,0. All of these experiments were 
perfonned on a Finnegan Model 46 1 5 GC/MS quadrupole mass spectrometer 
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(Finnegan MAT (USA). San Jose. CA). An electron impact source configuration 
operating at 200*^0 and a source pressure of <lxl0-6 torr was used, 

MW and DP measurements were based on gel permeation chromatography 
(GPC) using styrene as a standard, and performed on a WISP 712 Chromatograph 
5 with 100 A, 500 A, 1000 A and 5000 A phenogel columns (Waters Corp., 

Marlborough, MA 01 752-9162). Mpic is a measure of the molecular weight of the 
largest molecular ion signal obtained with K^IDS, and is generally a value 
between MN and MW. 

Definitions 

1 0 Unless otherwise identified, all chemicals and reagents were used as 

received from Aldrich Chemical Co., Milwaukee, WI. 
MMA = methyl methacrylate 
2-PN = 2-pentenemtrile 

TAPCo meso-tetra(4-methoxyphenyl)porphyrin-Co 
15 VAZO-88® = l,r-azobis(cyclohexane-l-carbonitrile (DuPont Co., 

Wilmington, DE) 

AIBN = 2,2'-azobis(isobutyronitrile) 

THPCo = tetrakis(4-hexylphenyl)porphyrin-Co 

DMM = dimethyl maleate 
20 EC = ethyl crotonate 

DEM = diethyl maleate 

CPO = cyclopentene-l-one 

PPVE - perfluoro(propylvinyl)ether 
F.XAMPLES 

25 Example 1 : Initiation o f MMA with 2-PN 

A solution of 2 mg of TAPCo, 2.6 mg of VAZO®-88, 0.6 mL of 
U2-dichloroethane, 0.4 mL of 2-PN and 0.04 mL of MMA was degassed by three 
freeze-pump-thaw cycles, sealed and immersed into a 90^C circulating bath for 
2 hours. The solution was sealed and another portion of 0.04 mL of MMA was 
30 added promptly. Then it was degassed as described above and immersed into a 
90''C isothermal bath for an additional 2 hours. 

The same procedure as described above was repeated at lOO'^C at 30 mm 
intervals, and at llO^'C at 1 5 min intervals. 

K+IDS analysis showed that in all three cases approximately 30% of a 
35 polymer product with a DP of approximately 3 contained only one 2-PN unit per 
polymer molecule. The control experiments made as described above but without 
TAPCo gave poly MM A with less than 1% of 2-PN incorporated into the polymer, 
according to NMR data. 
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, . ^^^anmle_2: rnitiatinnn^MM. ...j^h ^ 

H H '""^ '^y^^'^s, sealed and immersed into a 70°C circulatinD K^ft, -> u 
^ The s„,u,io„ was sea.ed an. 0.06 „L of MMA was a Z Zp The' .""^ 

solufon was kep, at 70-C for another thtee hours. 

K-IDS analysis showed that to all three cases approx imalelv I ()»/ „f ,>, 

' ° r ^ "^^-""—'y ^ conta Jd on V oTe - yl 2 

butene unit per polymer molecule. ' cyano.2- 

-'^^ ^' "'•"'"^ ■■■-•I -mntiiii In i|, 

contained ^XcZ C^^; T 1" *" ' "-^"-^ 
reaction solution TJ^^ZtlZT^"' ' 

or;e trrCatrsiT — 

uum evaporated sample, approximately 60% of the formed 
20 k4T:^ r : ^^"^ ^ ^^^PP— l^ 5 con .Ld aldeht 

K IDS analyse showed that the reaction product consisted of o,igoM^^ '^Id 
some copolymer (unresolved spectrum). 'gOMMA and 

The control experiment run as described above but without THPr 
polyMMA with less than 1% of croton^H.h m • ^^"^ 
according to NMR data. into the polymer, 

gxample4- Initiation nf M^yf^ ^^^h niuN/i 
A 0.04 mL aliquot of MMA wa«! aHH^H » 
contatned 5 m« THPCo. 0., mL of d7m a^rm;~~", 
solution was .hen degassed by three fteeze-pump-tLw^l 1,1^=^"'°" 
.mmersedintoalOO-Ccirculadnghathforonehour 

MMAhomopoiym\r:::rer2:^rrr;°"''""°""^"^ 

polymer productco„.ainedo„eOMM„r:::rrZ~^^^^ 
contained mostly two OMM units. OPC showed the DP was ..Zlj^ 
hxamnlf- tnitiatinn nf M MA with Pn 

con. ■ ^.T"l'''''"°'°''^^^"^^*^'*^^«°-^«-c.ion mixture which 
contained 3 mg THPCo, 0.9 mL of EC and 8 mg of VAZO®-88 1^7 • 
solution was then degassed hv thr. f reaction 

nen aegassed by three freeze-pump-thaw cycles, sealed and 
immersed mto a 1 OO^C circulating bath for 60 min. 
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The above procedure was repeated two more times. A product with a DP 
of approximately 4 was obtained. K*IDS analysis showed that only 
approximately 1 8% MMA homopolymer was formed. About 60% of the 
remaining polymer product contained one EC unit per molecule, and about 40% 
5 contained mostly two EC units per molecule. 

Fvam ple6: Initiation of MMA with DEM 
A 0.08 mL aliquot of MMA was added to a reaction mixture containing 
2 mg THPCo, 1 .8 mL DEM and 16 mg VAZO®-88. The reaction solution was 
then degassed by three freeze-pump-thaw cycles, sealed and immersed into a 
1 0 1 00°C circulating bath for one hour. 

The above procedure was repeated two more times, but with 90 min and 
150 min heating times. A product with a DP of approximately 3.5 was obtained. 
K-^IDS analysis showed that only approximately 30% of MMA homopolymer was 
formed. About 70% of the remaining polymer product contained one DEM unit 
1 5 per molecule, and the remaining 30% contained mostly two DEM units per 
molecule. 

The control experiment as described above, but without THPCo, gave 
polyMMA with 6% of EC incorporated into the polymer, according to NMR data. 
Fxamole?: Initiation of MMA vyith CPO 
A 0.08 mL aliquot of MMA was added to a reaction mixture which 
contained I mg bis(diphenylglyoxiineHtriphenylphosphine)cobaltaiI)chloride, 
1 8 mL CPO and 16 mg VAZO®-88. The reaction solution was then degassed by 
three freeze-pump-thaw cycles, sealed and immersed into a lOO'C circulating bath 
for 40 min. 

The above procedure was repeated two more times, but with 90 mm and 
1 50 min heating times. A product with a DP of approximately 3 was obtained. 
K-IDS analysis showed that approximately 58% of MMA/CPO copolymer was 
formed. Approximately 90% of this copolymer contained only one CPO umt per 
molecule. 

3Q Fvam pleS: rnpnivmerization of UP 

A 2 4 mL aliquot of MMA was added to a reaction mixture which contained 
10 mg THPCo, 6 mL dichloroethane, 0.12 g VAZO®-88, 3 mL FREON-1 13 and 
9 mL PPVE. The MMA was added three times and after each addition, the reaction 
solution was degassed and kept at 100 «>C for 60 minutes. 
35 A polymer product obtained after evaporation had a Mpjc = 800. Accordmg 

to K-IDS analysis. 15% of of polyMMA contained one molecule of PPVE. 
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What is claimed is: 

I . In a process for the free-radical polymerization of one or more 
monomers to form a polymer having vinyl-terminated end groups, said 
po^menzation being initiated by a functional group derived from an olefinicaliv- 
unsaturated organic molecule, the monomers having the structure: 

CH2=cxy 

wherein 

10 X is selected from ,he group comisdng of CH3 and CH^OH- 

CO H rr>p\^n'°o°!^!'*°"'''*"'^ ""''"""8 0fOR,O3CR. halogen, 
COjH.COR,C02R,CN,CONH2.CONHR.CONR,andR' 

"'^ from the group consisting of substimted and 

u„s„bst,n,ted alM. substintted and unsubstituted atyl, substituted and 
1 5 unsubstttuted heteroary,. substituted and unsubs,i«,ted aralkyl. substituted and 
unsubstttuted aikaryi, and substi„.ted and unsubsututed orglosilyl Z 
substttuents being the sa.e or different and selected Sotn L gtoup listing of 
c^boxyltc acd, carboxylic ester, epoxy. hydtoxyl, alkoxy. prLy'^Z 
secondary amuto, teniary amino. isocyam,o. sulfonic acid and halogen at^d the 
20 number ofcarbons in said alkyl groups is from 1 to 12; and ^ """h' 

K , f ' f""'"* """"""^ S">"P ^-^^ine of substituted and 

n "'^'""^ """'"'"'"^ -bstituen^t^ng 

the same or deferent and selected from the group consisting of carboxylic acid 

-^»>'''C -", epoxy. hydroxyl,alkoxy, primary amino. Londary^^^^ • 
25 tentary ammo, tsocyanato. sulfonic acid, substimted and unsubstired alj 
su sttti^ted and unsubstituted aryl. substimted and unsubstimted olefin 

naiogenj 

cob,,, """^f ^"O" "y contacting said monomers with a 

30 r*""— r "-^f'-^S- and a free radical initiator at a tempemture 

30 from about 25° to 240*^0; ^^iupcramre 

the improvement comprising adding an olefinically-unsaturated organic 
molecule of the structure "igonic 
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wherein 

R> and R3 are each independently selected from the group (I) consisting of 
-CH(0), -CN and halogen, and from the group (II) consisting of -C(0)OR\ 
-C(0)NR6r7, .cr8(0), -C(0)0C(0)R9, .C(0)NR'OCOR> -0C(0)R>2. .OR'3. 
5 alkyl, substituted alkyl. aryl, and substituted aryl; wherein when R ' or R^ are 
selected from group II, R* and R5 may optionally form a cyclic structure; and 

r2 and R'» are each independently selected from the group (III) consisting 
of H, -CH(0), -CN and halogen, and from the group (IV) consisting of-C(0)OR^ 
-C(0)NR6R7,'-CR8(0), -C(0)0C(0)R9, .C(O)NRi0COR", -OC(0)R>2, -0R»3, 
1 0 alkyl, substituted alkyl, aryl, and substituted aryl; wherein when R2 or R^ are 
selected from group IV, R2 and R^ may optionally form a cyclic structure; 

R5, R6, r7, r8, r9, RlO^ R« ^ and R^^ are H. alkyl, aryl, substituted alkyl 
or substituted aryl; R»3 is alkyl, aryl, substituted alkyl or substituted aryl; 
wherein the alkyl and substituted alkyl are C1-C12; 
15 and the substitutents on the substituted alkyl or aryl contain no 

functionality which would substantially interfere with free radical polymerization. 

2. The process as recited in Claim 1 , wherein said temperature is 
between about SO^C and about ISO^C. 

3 . The process as recited in Claim 1 , wherein said process is a batch 

20 process. 

4. The process as recited in Claim 1 , wherein said process is a semi- 
batch process. 

5 . The process as recited in Claim 1 , wherein said process is a 

continuous process. 

6. The macromonomer produced by the process as recited in Claim 1 

7. A macromonomer comprised of the structure: 



25 



r1 r3 

I 1 
H C C- 



CH 
I 

c — c- 

H2 1 

Y 



-C— C 

H2 

m-1 



30 where m ranges from 1 to 100; 

wherein R' R2 R^ and R*are each independently selected from the group 
consisting of h', -CH(0), -CN, halogen, -C(0)0R5, .C(0)NR6R7, .cr8(0), 
-C(0)0C(0)R9, .C(0)NR'OCOR1 ' , -0C(0)R»2, .or>3, alkyl, substimted alkyl, 
aiyl and substituted aryl; R' and R3 or R2 and R'* may be combined in a cyclic 

35 structure when R', R^, R\ or R'* are C(0)0R5, .C(0)NR6R7, .cr8(0). 
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-C(0)OC,0,R'. -C(0,NR.OCORM. .oc,o,R.:. .qrH, 

aryl. or substituted ary I; ^ 

and further provided that at most 2 of R'. R2. r3 r4 ^an be H- 
R5. R6 R7, R8 R.o. R, , J,,, „ ^^^^ .^^^J^ 

. or substituted aryl; RH alkyl, aryl. substituted alkvl or substituted ary|- 

wherein the alkyl and substituted alkyl are C,-C,,, and the substituents 
on the substituted alkyl or ao'i contain no functionality which would substantiallv 
interfere with free radical polymerization; and 

where Y is selected from the group consisting of OR OoCR haloaen 
10 C0,H,C0R,C02R,CN,C0NH,.C0NHR,C0NR.and R'; ^^'^^^ 
R is selected from the group consisting of substittited and 
unsubstituted alkyl, substituted and unsubstituted axyl, substituted and 
unsubstituted heteroaryl, substituted and unsubstituted aralkyl, substituted and 
unsubstituted alkaiyl, and substituted and unsubstituted organosilyl the 
substituents being the sanie or different and selected from the group consisting of 
carboxyhc acid, carboxyiic ester, epoxy, hydroxyl. alkoxy, primar, amino 
secondary amino, tertiary amino, isocyanato, sulfonic acid and halogen; and the 
number of carbons in said alkyl groups is from 1 to 12; and 

R' is selected from the aromatic group consisting of substituted and 
unsubstituted ^1. substituted and unsubstituted heteroaryl. the substituents being 
the same or different and selected from the group consisting of carboxyiic acid 
carboxyhc ester, epoxy, hydroxyl. alkoxy. primary amino, secondary amino ' 
tertiary ammo, isocyanato, sulfonic acid, substituted and unsubstituted alkyl' 
substituted and unsubstituted aryl, substituted and unsubstituted olefin and ' 
halogen. 

8. A macromonomer as recited in Claim 7, wherein Rl and R2 are not H 
at the same time. 

9. In a process for the free-radical polymerization of one or more 
monomers to form a polymer having vinyl-terminated end groups said 
polymerization being initiated by a functional group derived from'an olefinically- 
unsaturated organic molecule, the monomers having the structure 
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30 



CH2=CXY 

35 wherein 



X IS selected from the group consisting of CH3 and CH^OH; 
Y is selected from the group consisting of OR. 0,CR haloeen 
CO,H, COR, CO,R, CN. CONH,, CONHR, CONR, and R :" " 
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R is selected from the group consisting of substituted and 
unsubstituted alkyl, substituted and unsubstituted aryl, substituted and 
unsubstituted heteroaryl, substituted and unsubstituted aralkyl, substituted and 
unsubstituted alkaryl, and substituted and unsubstituted organosilyl, the 

5 substituents being the same or different and selected from the group consisting of 
carboxylic acid, carboxylic ester, epoxy, hydroxyl, alkoxy, primary amino, 
secondary amino, tertiary amino, isocyanato, sulfonic acid and halogen; and the 
number of carbons in said alkyl groups is from 1 to 12; and 

R* is selected from the aromatic group consisting of substituted and 

1 0 unsubstituted aryl, substituted and unsubstituted heteroaryl, the substituents being 
the same or different and selected from the group consisting of carboxylic acid, 
carboxylic ester, epoxy, hydroxyl, alkoxy, primary amino, secondary amino, 
tertiary amino, isocyanato, sulfonic acid, substituted and unsubstituted alkyl, 
substituted and unsubstituted aryl, substituted and unsubstituted olefin and 

15 halogen; 

said polymerization proceeding by contacting said monomers with a 
cobalt-containing chain transfer agent and a free radical initiator at a temperature 

from about 25* to 240°C; 

the improvemem comprising adding an olefinically-unsaturated organic 

20 molecule of the structure 

rZ-^ ^R* 

wherein Rl and R2 are hydrogen, and R3 and R^ are each independently selected 
25 from the group (L) consisting of -CH(0), -CN and halogen, and from the group 
consisting of -C(0)0R5, -C(0)NR6R7, .cr8(0), -C(0)0C(0)R9, 
.C(O)NRi0COR» K -0C(0)Rl2, .qrB, alkyl, substituted alkyl, aryl, and 
substituted aryl; wherein when R3 or R* are selected from group II, R3 and R^ 
may optionally form a cyclic structure; or wherein 

30 R3 and R* are each independently selected from the group (III) consisting 

of H -CH(0), -CN and halogen, and from the group (IV) consisting of -C(0)0R5, 
-C(())NR6R7, .cr8(0), -C(0)OC(0)R9, .C(0)NR'OCOR'>, -0C(0)R12, .or13, 
alkyl, substituted alkyl, aryl, and substituted aryl; wherein when R3 or R* are 
selected from group IV, R3 and R4 may optionally form a cyclic structure; 

35 R5, R6, R7, R8, R9, R>0, R" , and R»2 are H, alkyl, aryl, substituted alkyl 

or substitJted Lryl; R13 is alkyl, aryl, substituted alkyl or substituted aryl; 
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wherein the alkyl and substituted alkyl are C,-C,, and the substituents 
on the substituted alkyl or a^^l contain no functionality which would substantially 
interfere with free radical polymerization. 

10. The process as recited in Claim 9, wherein said temperature is 
between about 50°C and about 150°C. 

11. The process as recited in Claim 9, wherein said process is carried on 
m a process configuration selected from the group consisting of a batch process a 
contmuous process or a semi-batch process. 
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